Environmental Stress
Pathway Project

' ESPP The dynamics and genetic adaptation to salt stress in experimental evolution of Desulfovibrio vugaris Hildenborough

Aifen Zhou'®, Zhili He®, Marcin P. Joachimiak?®, Paramvir S Dehal?®, Adam P. Arkin?, Kristina Hillesland*®, David Stahl*$, Judy Wall>¢, Terry C. Hazen3$, and Jizhong Zhou'®

DOE GENOMICS:GTL
ACCELERATING
DISCOVERY FOR INERAY
D ENVIRONMENT

ke oF scifuce
DERAN TR sWERGY

OVIMSS S Sesurim

ABSTRACT

genotype and enwronment to determine the fltness of an organism. Wlth the
recent advances in genome sequencing and high-throughput genomic
technologies, now it is possible to link sub-cellular molecular/metabolic
processes with the population-level processes, functions and evolution. Sulfate
reducing bacteria Desulfovibrio vugaris Hildenborough (DvH) is an ideal model
environmental organism to address such fundamental questions. In this study, the
long-term evolutionary responses, diversifications and adaptation of DvH to salt
stress were investigated by mimicking the stress condition in the lab culture. The
phenotype of the cell lines with higher salt concentration were tested
periodically. The results demonstrated that the adaptation to salt stress is a
dynamical process. The enhanced salt tolerance to higher salt (LS4D + 250 mM
NaCl) of stressed lines was observed at 300 generations and it became more
obvious with the increase of generations. The de-adaptation experiment on 500,
1000 and 1200 generation cell lines not only provided evidence that the
phenotype was due to the genetic change, but also demonstrated that the genetic
mutation became stable at 1000 generation. To further decipher the genetic
mystery in behind, the gene expression profile of the 1000 generation were
examined by DvH whole genome microarray. Some poly-cistronic operons such
as hmcF-E-D-C-B-A, rrf2-rrfl, LysA-2-LysX and DVU3290-3291-3292
(glutamate synthase) were significantly up-regulated in stressed lines. Next,
whole genome sequencing on selected colony will be performed to identify the
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beneficial genetic mutation and more colonies will be checked to confirm

MATERIALS AND METHODS

Bacteria strain: Single colony-based liquid culture was obtained from the original D.
vulgaris Hildenborough stock. Six lines each were used for control and treatment respectively.
Medium and culture condition: LS4D was used as standard medium for the control.
Medium for salt stress treatment was LS4D +100 mM NaCl. Cells were kept at 37°C and
transferred every 48 hrs.

Handling of the samples: At some selected points, for example, every 100 generations, the
glycerol stocks were archived and a variety of genetic, molecular, physiological, and genomic
analyses were conducted to determine their evolution/adaptation to environmental stresses.
Microarray analysis: 70mer oligonucleotide arrays for D. vulgaris Hildenborough that
containing all ORFs (He et al., 2006) were used in this study. Total cellular RNA was isolated
using TRIzol (Invitrogen) and RNeasy mini column and labeled with Cy5 dye. Genomic DNA
was isolated from D. vulgaris Hildenborough as described previously (Zhou et al., 1996) and
labeled with Cy3 dye. The labeled cDNA and genomic DNA were co-hybridized to the array.
Microarray data were processed as described before (Chhabra et al., 2006; Mukhopadhyay et
al., 2006).
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The adaptation to salt stress was obtained during the long-term culture under laboratory

controlled conditions

The growth of 300, 500, 800 and 1000 generation samples was tested on LS4D, LS4D +100 mM NaCl
and LS4D + 250 mM NaCl. On high salt medium LS4D + 250 mM NacCl, the lag phase of evolved lines
under mild salt stress (100 mM NaCl) became shorter with the increase of generation number; more

biomass was produced compared to the ancestor.

Gene expression profiles at 1000 generation
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Selected operons with altered expression level
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E: evolved lines under sal; C: control lines with standard medium; A: ancestor lines;

Gene categories are according to the COG functions.

In the gene expression of selected operons, pink means the increase of gene expression and light blue means the decrease of gene
expression. The number is the log,R and the Z score is shown in the parentheses,
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The enhanced salt tolerance is due to genetic changes instead of physiological adaptation

The de-adaptation experiment was done with 500g, 1000g and 1200g cell lines evolved with mild salt
stress. All the cell lines from these generations were grown on standard medium LS4D for about 50
generations before the phenotype test on higher salt medium (LS4D +250 mM NacCl). #6 is a control line
grown on LS4D medium; #9 is a de-adaptive line evolved on LS4D + 100 mM NaCl. Three out of 6
evolved lines under salt stress and 2 out of 6 control lines showed stable phenotype with the tested 1000g
and 1200g samples. In addition, the evolved lines on salt stress demonstrated better salt tolerance than the

control lines.

* The adaptation of DvH to salt stress is a dynamical process.

* The growth difference between control and salt stressed cell lines were
ohserved at 300 generations and getting more obvious with an increase in the
generation number; salt-stressed lines were more tolerant to the increased salt
concentration (250 mM NacCl).

« The de-adaptation experiment suggested that there were genetic bases for the
phenotypic changes along with the generations.

» Microarray data showed that “energy production and conversion” and “amino
acid transport and metabolism” were the gene categories with the most number

FUTURE WORK

*Genome sequencing of single colony from evolved lines with stable
phenotype to discover the possible beneficial mutations and confirm the
mutations by traditional Sanger sequencing of the PCR amplified fragment;
» Metabolite assays and proteomics analysis;

» Gene complementation to confirm gene functions;

« Study of the possible phenotypic changes with different stressors.
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